Introduction
An association has been shown between dose of renal replacement therapy (RRT) delivered and survival in an intensive care setting. 1, 2 While this is controversial, 3, 4 patients in two recent large trials 5, 6 where specific efforts were made to optimise dose delivery showed better overall survival rates than seen in recent historical controls. 7 While there is still uncertainty surrounding the relationship between dose and survival, there is widespread agreement that clearance is the best way to quantify continuous renal replacement dose. However, most critical care units prescribe flow rates on the blood, dialysate and/or replacement pumps along with the fluid removal rate, not clearance.
Many patients are not prescribed a dose in line with current guidelines. [8] [9] [10] This is because the relationship between pump rates and clearances is complex. Prescribing practice varies widely. 10 Prescribing by clearance also requires the patient's ideal body weight, which requires a formula or nomogram for calculation. The maths is further complicated by the potential need to use different clearances for different indications; for example acutely septic patients on high doses of inotropes may require higher doses than stable recovering patients. 11 Even if a dose prescription is adequate, it is rarely fully delivered. 12, 13 Delivery of a correctly prescribed dose can be affected by the blood flow rate, which may not be optimal with a poor line. Predilution as a strategy to help prevent filter clotting 14 reduces efficiency to a variable but predictable extent. Fluid removal rate contributes to overall ultrafiltration rate and therefore the efficacy of the haemofiltration (HF) component. Finally, it is almost inevitable that continuous treatments do not run for 24 hours a day due to clotting of the filter, trips out of the unit for surgery, investigations, etc.
If all predictable factors are taken into account, calculating appropriate dialysate and replacement pump rates in continuous veno-venous haemodiafiltration (CVVHDF) to deliver a prescribed clearance of RRT is mathematically feasible but too complicated in clinical practice. These issues are poorly understood by most critical care staff. There is a clear need to be able to rationally, consistently and easily prescribe RRT by clearance and to be able to optimise its delivery.
This investigation was to ascertain whether a web page with a JavaScript-enabled (Sun Microsystems, Santa Clara, California, USA) calculator incorporating all these factors could improve both dose prescribing and delivery of CVVHDF in our ICU.
Methods
Our local Research Ethics Committee agreed that this was part of service evaluation/audit and did not require ethical review. We use Prisma machines, (Gambro Hospal Ltd, Huntingdon, Prescribing continuous renal replacement therapy using a JavaScript calculator improves delivered dose
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Keywords: haemodiafiltration/statistics & numerical data; kidney failure, acute; renal replacement therapy; software design UK) in predilution CVVHDF mode. Before the introduction of the calculator, renal replacement was prescribed by medical staff, but our nursing staff exercised considerable autonomy. Prescribing strategies among clinicians varied widely. Some always prescribed 1,000 mL/hr on both the replacement and dialysate pumps, some used the maximum capacity of 2,500 mL/hr of dialysate and 2,000 mL/hr of replacement. Occasionally HF only was used. Some practitioners tried to prescribe by patient weight and indication.
In 2005 Ricci et al 15 described an 'adequacy calculator,' a Microsoft Excel-based calculator designed to retrospectively assess the prescription and delivery of RRT in a critical care setting. They found a strong correlation between the clearance predicted by their calculator and the actual values obtained from computation on blood and dialysate urea levels. (r = 0.97). Their equation for clearance in CVVHDF is as follows:
￼and ultrafiltrate rate = replacement rate + fluid removal rate With the relatively low capacity of the Prisma, in the absence of compelling evidence favouring convective or diffusive therapies 16 we decided to always prescribe the same rate on both pumps. Solving Ricci's equation above for pump rate (x) yields a quadratic, the solution to which is:
where: K = total clearance, Q = blood flow rate and R = fluid removal rate, x = replacement rate = dialysate rate A correction can then be applied for downtime as follows: ￼ There is obviously no way that medical or nursing staff can be expected to routinely perform these calculations in clinical practice, but a web browser can do it at the click of a mouse. A web page was constructed as part of our department web site. It consisted of a main frame with a full explanation of how to use the calculator. The calculator itself is in a side frame (Figure 1) and remains in view while the explanation is scrolled. Using the calculator is extremely easy and requires minimal training or understanding of underlying mathematical concepts.
Prescribers were required to look at the previous day' s renal replacement nursing record and enter the following values into the calculator: 1. Weight and height. Ideal body weight was simply calculated for a BMI of 22.5. 2. Dose. This defaulted to 35 mL/kg/hour but could be changed to any value. The text suggested 35 mL/kg/hr for acute renal failure, 45 mL/kg/hr for acute renal failure with sepsis on high dose noradrenaline or rhabdomyolysis, and 25 mL/kg/hr for acute renal failure in the stable patient or chronic dialysis-dependant renal failure. Prescribers were free to choose what dose to use, but were required to prescribe by clearance rather than pump rates. 3. Blood flow rate. This defaulted to the maximum of 180 mL/min. Prescribers could reduce it if there had been problems with flow through the line the previous day. 4. Fluid removal rate. Assessed according to usual practice. 5. Downtime. Default was two hours per 24. Prescribers were encouraged to make allowances for planned trips out of the unit for surgery or CT scanning or if the filter had consistently not lasted 24 hours. These computations were incorporated into a web page employing JavaScript to perform the calculations. Inputs were constrained to possible values, a warning box appeared if the prescription exceeded the capacity of the machine. Flow rates were rounded to the smallest possible step on each pump.
In case of internet or computer failure, laminated cards with tables to calculate approximate pump rates by weight and dose in intervals of 10 kg for fixed blood flow and fluid removal rates were attached to all of our renal replacement machines. All ICU nurses and doctors had a 20-minute PowerPoint presentation on how to use the new system. The new system was well accepted by both nursing and medical staff and fully implemented on January 1st 2010.
Data were collected from eight patients (19, 24-hour treatments) prior to the change and six patients (20, 24-hour treatments) following the change. All treatments incorporated 100% pre-dilution. For each treatment in each patient, three clearances were calculated. The evidence-based dose was calculated by multiplying the dose in mL/kg/hr by the ideal body weight in kilograms by the proposed duration of treatment in hours, giving a result in mL. To calculate the prescribed dose, values for prescribed blood flow rate, replacement rate, dialysate rate, fluid removal rate and ultrafiltrate rate total clearance = dialysate rate + -(2Q-K)+√(2Q-K) 2 Original articles estimated downtime were obtained from the RRT prescription sheet. Ricci' s spreadsheet 11 was then used to calculate the total prescribed clearance in mL. The delivered dose was obtained by analysing the nursing record of each treatment to obtain values for average blood flow achieved in mL/min, total replacement fluid used, total dialysate used, total fluid removed and actual treatment duration. A modified form of Ricci's spreadsheet was used to calculate the total clearance delivered in mL. For each treatment, the prescribed dose was divided by the evidence-based dose to get the fraction of dose actually prescribed, which was expressed as a percentage. Similarly, percentages were obtained for fraction of prescribed dose delivered and finally fraction of evidence-based dose delivered. Data were analysed using Stata version 11 (Stata Corporation, Texas, USA) using regression (equivalent to a t-test when there is no clustering) with robust standard errors, p-values and confidence intervals. This allowed for clustering of the data within patients, differences in the standard deviation between the groups, and possibility of non-normality (Tables 1 and 2) .
Results
There was a substantial improvement in the percentage of the evidence-based dose and prescribed dose of renal replacement therapy that was actually delivered. It increased from a mean of 71% in the pre-change group to 100% with the use of the calculator. This was significant with p<0.001. The mean percentage of evidence-based dose prescribed was not significantly different in the pre-and post-change groups. (90.5% vs 98.4%, p=0.056) However, the standard deviation was significantly smaller in the post change group, (3.4 vs 15.4), an indicator of more 'rational' prescribing, ie less overand under-dosing. Much of the fall-off in the pre-change group was due to downtime. Compensating for this by increasing the pump rates for the remaining time was responsible for most of the improvement in delivered dose.
Discussion
A substantial improvement in prescription and delivery of renal replacement dose resulted from the use of the web calculator. This method of prescribing continuous renal replacement is unique in that it allows a clearance to be prescribed, generating pump rates that have been altered to compensate for predictable causes of inefficiency. Loss of efficiency and reduction of delivered dose due to technical problems can be compensated for. If the flow on the line is low or there is significant downtime, this is allowed for by increasing the flow rates in the next day' s prescription.
Limitations of this study include the inability to account for uncontrollable causes of dose loss, including reduced efficiency of the filter over time. Actual clearance with blood and effluent samples was not measured. However, there is already known to be a strong correlation between the predictions of these equations and actual measured clearances. Distinguishing between a decision to stop RRT and an unplanned cessation followed by a decision not to restart was difficult, as was assessing the intended clearance in the pre-change group at a time when not everyone prescribed clearances.
This study was not powered to detect a difference in major ICU outcomes such as mortality, RRT days or length of stay. However, there is a wealth of evidence suggesting what clearances we should be prescribing, together with much evidence suggesting that we are not doing it. This study shows one way to fill this gap and is an alternative to a recent suggestion that we should be prescribing a 25% higher dose than we require. 7 JavaScript has several advantages over other technologies such as Microsoft Excel in this setting. It can be used by anyone who can use a web browser. Only one copy of the code ever exists which cannot be inadvertently modified without access to the server. It is open-source, free and requires no special software to write. The code for this calculator is relatively easy to understand because JavaScript is an objectorientated language. It could easily be modified in the light of new evidence. The same principles could be applied to different machines, for haemofiltration or dialysis alone or even to allow control over the pre/post dilution split.
There are many other medical JavaScript calculators on the Internet for calculating drug doses, (especially in paediatrics) illness severity scores, body mass index, risk scores, etc. but not for prescribing RRT.
